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(54) Radiation power equalizer 

(57) The invention provides a radiation power equal- 
izer for an optical communication system, the equalizer 
characterized in that ft includes: (a) an optical demulti- 
plexer (300) for partitioning infomnation-bearing radia- 
tion received at the equalizer into one or more radiation 
components corresponding to wavelength division mul- 
tiplexed communication channels of the system; (b) a 
liquid crystal cell an-ay (310) for selectively transmitting 
or attenuating said one or more radiation components; 
(c) an optical multiplexer (330) for combining one or 
more of the radiation components transmitted or atten- 
uated through the cell array (31 0) to provide combined 
radiation; (d) a transmitter erbium-doped fibre amplifier 
(70) coupled to a PIN diode detector anray (120) for 



measuring radiation power present in said one or more 
of the radiation components included in the combined 
radiation and generating one or more corresponding 
component radiation power indicative signals; and (e) a 
control module (1 30) for receiving said one or more pow- 
er indicative signals from the array (120) and controlling 
attenuation provided by the cell array (310) so that the 
radiation components included in the combined radia- 
tion are substantially of mutually similar radiation power. 

Action of the cell array (310) ensures that radiation 
components present in the combined radiation are mu- 
tually power matched, thereby assisting to alleviate 
power hogging by radiation components having relative- 
ly greater radiation power in devices such as erbium- 
doped fibre amplifiers (EDFAs). 
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Description 

[0001] The present invention is concerned with a ra- 
diation power equalizer for optical connnnunication sys- 
tems. The Invention also relates to a method of equal- 
izing radiation power within such systems. 
[0002] Optical communication systems conventional- 
ly communicate information by conveying information- 
bearing optical radiation having a wavelength in the or- 
der of 1 .5 [im. Such systems often now employ wave- 
length division multiplexing (WDM). When WDM Is 
used, the optical radiation comprises one or more radi- 
ation components corresponding to channels where 
each component is modulated with associated commu- 
nication traffic. Thus, the radiation is effectively parti- 
tioned Into a discrete series of modulated radiation com- 
ponents. 

[0003] Optical fibre waveguides Incorporated Into the 
communication systems are used to guide the radiation 
therearound. Attenuation occurring in the waveguides 
and associated optical devices connected thereto, for 
example add/drop multiplexers, necessitates the inclu- 
sion of optical amplifiers in series with the waveguides 
which improve signal-to-noise ratio by boosting radia- 
tion levels. Conventional optical amplifiers currently em- 
ployed in optical communication systems are based on 
erbium-doped fibre amplification technology. Such am- 
plifiers exhibit a non-linear amplitude-gain response and 
finite pumping power. As a consequence of this re- 
sponse, when radiation comprising a number of modu- 
lated radiation components is input to the amplifiers, it 
is important that the amplitudes of the radiation compo- 
nents are mutually similar otherwise the amplifiers wit! 
accentuate components of relatively greater radiation 
power in preference to components of relatively lesser 
power. Such accentuation becomes a serious issue 
when radiation passes through a number of cascaded 
erbium-doped fibre amplifiers (EDFAs) in the communi- 
cation systems, especially when optical devices in the 
systems exhibit wavelength dependent transmission re- 
sponses which accentuate certain radiation compo- 
nents more than others. 

[0004] In conventional optical communication sys- 
tems, matching of WDM radiation component ampli- 
tudes, namely channel leveling. Is achieved by monitor- 
ing radiation component amplitudes at receiving loca- 
tions where the radiation components are received and 
providing feedback Instructions therefrom to transmit- 
ting locations where the radiation components are gen- 
erated to adjust relative amplitudes of the components 
thereat so that the components are of similar power at 
the receiving locations. Such matching does not take in- 
to account variations in radiation component amplitudes 
at intermediate points in the systems between the trans- 
mitting locations and receiving locations at which ED- 
FAs for radiation regeneration purposes are included. 
There therefore arises a potential problem that EDFAs 
at intermediate points can be supplied with radiation 



whose associated radiation components are not mutu- 
ally similar In amplitude. 

[0005] The inventors have appreciated that it Is feasi- 
ble to achieve channel leveling at the intemnediate 
5 points in the systems using appropriately compact opti- 
cal sub-systems capable of selectively attenuating or 
amplifying specific radiation components thereat. More- 
over, the inventors have further appreciated that these 
aforementioned intermediate points can be add/drop 
10 multiplexers in a ring-based optical fibre waveguide net- 
work. Add/drop multiplexers are conventionally regard- 
ed as devices where diversion and addition of radiation 
components corresponding to specific channels is im- 
plemented, the diversion and addition of radiation corn- 
's ponents being achieved by way of switching operations 
using bistate optical switching devices. 
[0006] Thus, according to a first aspect of the present 
invention, there is provided a radiation power equalizer 
for an optical communication system, the equalizer 
20 characterized in that it includes: 



(a) filtering means for partitioning information-bear- 
ing radiation received at the equalizer into one or 
more radiation components corresponding to wave- 
length division multiplexed communication chan- 
nels of the system; 

(b) liquid crystal attenuating means for selectively 
transmitting or attenuating said one or more radia- 
tion components; 

(c) combining means for combining one or more of 
the radiation components transmitted or attenuated 
through the attenuating means to provide combined 
radiation; 

(d) monitoring means for measuring power present 
in said one or more of the radiation components In- 
cluded In the combined radiation and generating 
one or more corresponding radiation component 
power indicative signals; and 

(e) controlling means for receiving sakJ one or more 
power indicative signals from the monitoring means 
and controlling attenuation provided by the attenu- 
ating means so that the radiation components in- 
cluded in the combined radiation are substantially 
of mutually similar power. 
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[0007] The invention provides the advantage that 
equalizer is capable of substantially mutually matching 
radiation power in radiation components output from the 
combining means so that such components subse- 
50 quently do not cause power hogging effects In optical 
devices, for example in subsequent erbium-doped fibre 
amplifiers (EDFAs). 

[0008] Such power hogging can cause diminution of 
relatively less powerful radiation components and ac- 
55 centuation of relatively more powerful radiation compo- 
nents, such disparity of power between radiation com- 
ponents potentially giving rise to increased data error 
rate and degraded signal-to-noise ratio. 
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[0009] In the context of the present invention, radia- 
tion components are substantially of similar mutual pow- 
er when their respective powers are within a 20 dB error 
band, namely that the power difference between the 
weakest and most powerful radiation components in the 
radiation output from the combining means is not great- 
er than 20 dB. In practice, the equalizer of the invention 
is capable of controlling radiation component power to 
within an error margin of 10dB, preferably to within an 
error margin of 1 dB. 

[001 0] Thus, the controlling means Is advantageously 
operable to mutually match the power of the one or more 
radiation components present in the combined radiation 
to within an error margin of 10 dB or less. Preferably, 
the controlling means Is operable to mutually match the 
magnitudes of the one or more radiation components 
present In the combined radiation to within an error mar- 
gin of 1 dB or less. 

[001 1 ] When Implementing the equalizer In a commu- 
nication system, it is beneficial that the filtering means 
is operable to partition the radiation received at the 
equalizer into spatially separated raylets, and the atten- 
uating means preferably includes an array of liquid crys- 
tal cells, each cell corresponding to an associated ray let 
and operable to provide selective attenuation or trans- 
mission of the raylet. Partitioning the received radiation 
into spatially separated raylets eases the task of con- 
trolling the radiation power of each raylet selectively. 
[0012] When the equalizer is Included within an add/ 
drop multiplexer of a communication system, it is advan- 
tageous that the equalizer includes dropping means for 
selectively diverting at least part of the one or more ra- 
diation components present in the radiation received by 
the filtering means, the part for output from the equalizer 
Such diversion of at least part of the one or more radi- 
ation components enables the add/drop multiplexer to 
drop communication channels at the multiplexer, for ex- 
ample for conveying to clients connected to the add/ 
drop multiplexer. 

[0013] In a similar manner to the dropping means, the 
equalizer preferably Includes adding means for adding 
additional radiation components to the combined radia- 
tion output from the combining means, the additional 
components and the combined radiation for output from 
the equalizer into the system. Inclusion of the dropping 
means and adding means enables the equalizer to both 
drop and add communrcation channels at the add/drop 
multiplexer into which it is incorporated. Conveniently, 
the controlling means is operable to control the adding 
means so that the additional radiation components and 
the one or more radiation components included in the 
combined radiation are mutually power matched to with- 
in an error margin of 1 0 dB; It is advantageous that the 
equalizer acts upon both radiation components trans- 
mitted through the attenuation means as well as com- 
ponents added through the adding means so that sub- 
sequent power hogging is unlikely to arise on account 
of the presence of the additional components. 



[0014] When detemnining radiation power of radiation 
components within the equalizer for control purposes, it 
is advantageous that the monitoring means includes op- 
tical filtering means for partitioning radiation received 
5 thereat from at least one of the combining means and 
the adding means Into radiation components, and an ar- 
ray of photodetectors for measuring radiation power 
present in each of the components and generating one 
or more corresponding output signals indicative of the 
10 radiation power present In the radiation components, 
the one or more output signals for use by the controlling 
means for controlling the attenuating means. There Is 
thereby provided a parallel measurement of component 
radiation powers which can be implemented at relatively 
IS high speed but entails the relatively complex filtering 
means and the array of detectors. 
[0015] Where relatively slower rate monitoring of ra- 
diation power of radiation components can be tolerated, 
it is preferable that the monitoring means includes tun- 
20 able optical filtering means for serially selecting radia- 
tion components present in radiation received thereat 
from at least one of the combining means andthe adding 
mearis, and a photodetector for measuring radiation 
power present in the selected series of radiation com- 
25 ponents and generating one or more corresponding out- 
put signals indicative of the radiation power present in 
the selected series, the one or more output signals for 
use by the controlling means for controlling the attenu- 
ating means. Such a serial manner of power measure- 
30 rnent results In simplified hardware for the equalizer. 
[0016] In operation, combining infomriati on-bearing 
radiation components of coincident wavelength inevita- 
bly results in data con^uption within the equalizer It is 
therefore beneficial that the attenuating means is oper- 
35 able to block radiation components propagating there- 
through whose wavelengths are coincident with those 
of radiation components added to the combined radia- 
tion by the adding means. 

[0017] Conveniently, for purposes of generating the 

40 additional radiation components, the adding means in- 
corporates one or more modulated distributed feedback 
lasers for generating the one or more radiation compo- 
nents for adding to the combined radiation. 
[0018] When Implementing the equalizer, the filtering 

45 means associated with the attenuating means and the 
optical filtering means of the monitoring means are pref- 
erably implemented by using Bragg grating filters. Such 
grating filters can potentially provide relatively low cost 
compact practical assemblies. 

so [0019] When the equalizer is, for example, functioning 
as an add/drop multiplexer, it is preferable that the 
equalizer drops and adds appropriate amounts of radi- 
ation. In practice. It Is found convenient that the equal- 
izer is operable to divert in a range of 5 to 95% of radi- 

55 ation received thereat to the dropping means. Likewise, 
it is also convenient that the equalizer includes coupling 
means for coupling in a range of 5% to 95% of the com- 
bined radiation and in a range of 5% to 95% of the ad- 
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ditional radiation into radiation for output from the equal- 
izer to the system. 

[0020] In a second aspect of the present invention, 
there is provided an add/drop multiplexer for an optical 
communication system, the multiplexer including a ra- 
diation power equalizer according to the first aspect of 

the invention. 

[0021] In a third aspect of the present invention, there 
is provided a communication system including an add/ 
drop multiplexer according to the second aspect of the 
invention. 

[0022] According to a fourth aspect of the present in- 
vention, there is provided a method of equalizing radia- 
tion power in a radiation power equalizer, the method 
characterized in that it includes the steps of: 

(a) receiving information-bearing optical radiation at 
the equalizer; 

(b) partitioning the radiation into radiation compo- 
nents corresponding to communication channels; 

(c) selectively attenuating one or more of the radi- 
ation components in liquid crystal attenuating 
means; 

(d) combining radiation components transmitted or 
attenuated through the attenuating means to pro- 
vide combined radiation; 

(e) measuring the combined radiation using moni- 
toring means to detennine radiation power present 
in the one or more radiation components included 
in the combined radiation and generating one or 
more corresponding component radiation power in- 
dicative signals; and 

(0 controlling attenuation provided by the attenuat- 
ing means in response to the one or more power 
indicative signals so that radiation components 
present in the combined radiation are substantially 
of similar mutual power. 

[0023] When controlling attenuation provided by the 

liquid crystal attenuating means, it is preferable to con- 
trol such that, in step (f), the one or more radiation com- 
ponents present in the combined radiation are mutually 
power matched to within an error margin of 10 dB. 
[0024] An embodiment of the invention will now be de- 
scribed, by way of example, with reference to thefollow- 
ing drawing in which: 

[0025] Figure 1 is a schematic diagram of an add/drop 
multiplexer including a radiation power equalizer ac- 
cording to the invention. 

[0026] In Figure 1 , there is shown an add/drop multi- 
plexer indicated generally by 10 incorporated into an op- 
tical communication system (not shown) including at 
least one optical fibre waveguide ring comprising an op- 
tical fibre waveguide 20. The multiplexer 1 0 includes a 
receiver erbium-doped fibre amplifier (EDFA) 30, a first 
optical coupler 40, a channel control unit (CCU) indicat- 
ed by 50, a second optical coupler 60 and a transmitter 
EDFA 70. 



[0027] The waveguide 20 is connected at a first end 
thereof to an optical input port of the receiver EDFA 30; 
likewise, the waveguide 20 at a second end thereof is 
connected to an optica! output port of the transmitter ED- 

5 FA 70. In the system, the waveguide 20 has other add/ 
drop multiplexers and similar devices Included within its 
optical path from its first and second ends. An optical 
output port of the receiver EDFA 30 is coupled through 
an optical fibre waveguide 80 to a first optical Input port 

10 of the first coupler 40. Similarly, a first optical output port 
of the coupler 40 is connected through an optical fibre 
waveguide 90 to an optical input port of the CCU 50. 
The CCU 50 includes an optical output port which is cou- 
pled through an optical fibre waveguide 100 to a first 

IS optical input port of the second coupler 60. Finally, the 
coupler 60 comprises an optica! output port which is 
connected through an optical fibre waveguide 1 1 0 to an 
optical input port of the transmitter EDFA 70. 
[0028] The multiplexer 10 additionally comprises a 

20 PIN diode detector array 120 and acontrol module 130. 
The transmitter EDFA 70 Includes an auxiliary optical 
output port P for monitoring purposes which is coupled 
through an optical fibre waveguide 140 to an optical in- 
put port of the detector an-ay 1 20; in operation , a portion 

^5 of optical radiation output from the transmitter EDFA 70 
into the fibre waveguide 20 is output at the auxiliary out- 
put P. The detector array 1 20 includes an electrical out- 
put providing electrical signals corresponding to energy 
In radiation components conveyed through the 

30 waveguide 1 40 and received at the detector array 1 20. 
The control module 90 is connected to receive the elec- 
trical signals and process them to generate electrical 
control signals which are output at electrical outputs of 
the module 90; the electrical outputs are connected to 

35 corresponding attenuation controlling inputs of the CCU 
50. 

[0029] The multiplexer 1 0 further comprises an optical 
splitter 150 whose optical input port is connected 
through an optical fibre waveguide 160 to a second op- 

40 tical output port of the first coupler 40. Moreover, the 
splitter 150 also includes in the order of twelve optical 
output ports, one of which is coupled through an optical 
fibre waveguide 1 70 to an optical input port of a receiver 
unit Indicated by 180. The splitter 1 50 in operation func- 

45 tlons as a multiway radiation splitter and does not pro- 
vide any form of optical filtration at radiation wave- 
lengths of interest. 

[0030] The receiver unit 1 80 includes an optical band- 
pass filter 1 90 operable to transmit only a specific radi- 

50 ation component in radiation received thereat, the com- 
ponent corresponding to a specific communication 
channel. The filter 190 is operable to transmit the com- 
ponent to an interfacing unit 200 operable to condition 
the specific radiation component Into a suitable form for 

55 one or more clients (not shown) connected to the add/ 
drop multiplexer 1 0. The interfacing unit 200 can, for ex- 
ample, convert the specific radiation component into a 
con^esponding electrical signal by detection and output 
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this signal to the one or more clients. Alternatively, the 
interfacing unit 200 can annplify the specific radiation 
components and then output the component when am- 
plified to the one or more clients. 
[0031] The multiplexer 10 additionally comprises an 
optical combiner 210 whose optical output is coupled 
through an optical fibre waveguide 220 to a second op- 
tical input port of the second coupler 60. The optical 
combiner 21 0 includes in the order of twelve optical in- 
put ports, one of which is connected through an optical 
fibre waveguide 230 to an optical output port of a trans- 
mitter unit 240. In operation, the combiner 21 0 functions 
as a multiway coupler and does not provide any fonn of 
wavelength'-selective filtration at wavelengths of inter- 
est. 

[0032] The transminer unit 240 comprises a tunable 
distributed feedback (DFB) laser 250 and an associated 
interfacing amplifier 260. An input of the amplifier 260 is 
connected to one or more clients (not shown) using the 
system and receives either electrical or optical infomna- 
tion traffic from the one or more clients. An output of the 
interfacing amplifier 260 is connected to a modulation 
input of the DFB laser 250 for laser radiation amplitude 
modulation purposes. 

[0033] The first coupler 40 is operable to couple from 
its optical input port so that a portion of radiation input 
thereat is coupled to its first output port and substantially 
a remaining portion of the radiation input is coupled to 
its second output port. The second coupler 60 operates 
in a sinnilar manner to the first coupler 40 such that a 
portion of radiation output at the output port of the sec- 
ond coupler 60 derives from radiation input at the first 
input port and a remaining portion derives from radiation 
input at the second input port. The portions and remain- 
ing portion for each coupler add up to substantially 
100%, the portions and remaining portions being sub- 
stantially in ranges of 5% to 95% and 95% to 5% respec- 
tively. ^ 
[0034] The CCU 50 is a proprietary sub-system and ' 
operates in a manner generally similar to a frequency- 
selective optical switch as described in a US patent 
number US 5 414 540 which is herein incorporated by 
reference. The CCU 50 incorporates an Input optical de- 
multiplexer 300 implemented using Bragg grating tech- 
nology, an an-ay of liquid crystal cells indicated by 310 
and shown included within a dashed line 320, and finally 
an output optical multiplexer 330. Within the CCU 50, 
the demultiplexer 300, the array 31 0 and the multiplexer 
330 are optically coupled using free-space optical paths 
which results in a low minimum attenuation factor in the 
order of 6 dS from the input optical port to the output 
optical port of the CCU 50. 

[0035] When the CCU 50 is operational, radiation 
comprising a number of radiation components corre- 
sponding to associated communication channels ap- 
plied to the optical input port of the CCU 50 propagates 
to the demultiplexer 300 which separates the radiation 
into a number of raylets. each raylet corresponding to 



an associated radiation component and hence commu- 
nication channel. The raylets propagate from the demul- 
tiplexer 300 to corresponding cells of the array 310 and 
therethrough to the multiplexer 330 which combines the 
5 raylets received thereat to provide output radiation 
which emerges from the optical output port of the CCU 
50. By selectively controlling the liquid crystal cells of 
the array 310, radiation components con^esponding to 
specific channels can be selectively transmitted or 
10 blocked from the input port to the output port of the CCU \ 
50. In the aforementioned US patent number US 5 414 
540, the switch described therein is for switching radia- 
tion components, namely either fully transmitting them 
or blocking them completely; such switching is appro- 
15 priate where the switch is used for selectively diverting 
particular radiation components, for example in an op- 
tical telephone exchange. The inventors have appreci- 
ated that the CCU 50 In the multiplexer 1 0, although the 
CCU 50 employs similar technology to the aforesaid 
20 switch, is not only capable of being used for selectively 
blocking or transmitting components of radiation propa- 
gating therethrough but also capable of being used to 
selectively attenuate the components when attenuation 
is required. Such an attenuation mode of operation is, 
25 for example, not envisaged in the aforesaid US patent. 
The inventors have further appreciated that selective at- 
tenuation provided by the CCU 50 can be applied to pro- 
vide leveling of radiation component amplitudes in the 
optical communication system. The CCU 50 exhibits a 
30 characteristic that the liquid crystal cells of the array 310 
provide an optical transmission therethrough which can 
be controlled by the control signals output from the con- 
trol module 130. In practice, attenuation through the 
CCU 50 is 6 dB when the liquid crystal cells are optically 
35 clear and at least 40 dB when the cells are driven to be 
reflective. Thus, the cells are each capable of providing 
an optical attenuation therethrough which is continuous- 
ly variable over a range of at least 30 dB. The CCU 50 
is designed to be capable of selectively attenuating 32 
40 channels having radiation components of nominally 1 .5 
wavelength, the channels having a mutual channel 
spacing of 100 GHz con-esponding to a wavelength 
spacing in the order of 0.8 nm. 

[0036] Operation of the add/drop multiplexer 10 will 
45 now be described with reference to Figure 1 . Radiation 
propagating along the waveguide 20 comprises up to 
thirty-two radiation components corresponding to up to 
thirty-two infomnation-bearing communication chan- 
nels; the components have mutually different wave- 
50 lengths at channel wavelength spacings of substantially 
0.8 nm, namely corresponding to a frequency spacing 
of substantially 100 GHz. The radiation is received at 
the input port of the receiver EDFA 30 which amplifies 
the radiation and outputs conresponding amplified radi- 
55 ation at the output port of the EDFA 30. The amplified 
radiation propagates along the waveguide 80 to the first 
coupler 40 which diverts a first portion of the amplified 
radiation through the waveguide 1 60 to the splitter 1 50, 
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and a remaining second portion of the amplified radia- 
tion through the waveguide 90 to the input port of the 
ecu 50. The first portion of the amplified radiation re- 
ceived at the splitter 150 is split therein twelve ways, 
namely approximately 8% of the amplified radiation re- 
ceived at the splitter 150 propagates along the 
waveguide 1 70 and is received at the optical filter 1 90. 
The filter 190 filters amplified radiation received thereat 
and transmits a radiation component present in the am- 
plified radiation to which the filter 190 is tuned. The ra- 
diation component propagates from the filter 1 90 to the 
interfacing unit 200 which conditions the radiation com- 
ponent then outputs it in conditioned form as at least 
one of an electrical signal and optical radiation to the 
one or more clients connected to the add/drop multiplex- 
er 10. 

[0037] Amplified radiation received at the CCU 50 
passes to the demultiplexer 300 whereat its radiation 
components are split into spatially separated ray lets, 
each of the aforementioned 32 channels having a cor- 
responding ray let. The raylets undergo free-space prop- 
agation to the array 310 whereat each raylet is selec- 
tively transmitted, attenu'ated or substantially totally re- 
flected depending upon the control signals generated in 
the control module 1 30. Radiation of raylets transmitted 
or attenuated through the array 310 is received at the 
multiplexer 330 which combines the radiation to provide 
output radiation which propagates from the output port 
of the CCU 50 along the fibre waveguide 1 00 to the first 
input port of the second coupler 60. 
[0038] Client communication traffic received at the 
add/drop multiplexer 10, more specifically at the inter- 
facing amplifier 260, is amplified and suitably condi- 
tioned to drive the DFB laser 250 and amplitude modu- 
late radiation emitted therefrom. The modulated radia- 
tion propagates through the fibre waveguide 230 to its 
associated input port of the combiner 21 0. The modu- 
lated radiation is coupled through the combiner 21 0 and 
subsequently through the fibre waveguide 220 to the 
second input port of the second coupler 60. The second 
coupler 60 couples radiation at its input ports to provide 
output radiation at Its output port, the output radiation 
propagating through the fibre waveguide 1 1 0 to the input 
port of the transmitter EDFA 70. The EDFA 70 amplifies 
the output radiation received thereat to generate corre- 
sponding amplified radiation. The amplified radiation is 
predominantly output at the output port of the transmitter 
EDFA 70 and launched into the fibre waveguide 20 for 
further propagation within the system. A small portion, 
namely in the order of 5 %, of the amplified radiation is 
coupled to the auxiliary port P and then through the fibre 
waveguide 1 40 to the detector an^ay 1 20. The array 1 20 
comprises a wavelength demultiplexer operable to di- 
vide components of the amplified radiation into raylets 
corresponding to the aforementioned channels. Moreo- 
ver, the detector 120 further includes thirty-two PIN di- 
ode photodetectors for detecting radiation present in 
each raylet and generating electrical output signals in- 



dicative of radiation energy in each raylet. The output 
signals are passed to the control module 130 which 
monitors energy present in each raylet and continuously 
adjusts attenuation provided by con^esponding liquid 

5 crystal cells in the CCU 50 in order to ensure that energy 
in the raylets is matched from channel-to-channel within 
an error margin of 10 dB or less. Preferably the energy 
In the raylets is matched from channel-to-channel within 
an en^or margin of 1 dS or less. 

10 [0039] The CCU 50 is controlled by the system so that 
the cells of the an^ay 310 block raylets of radiation prop- 
agating through the CCU 50 having coincident wave- 
length with the radiation output from the DFB laser 250. 
Likewise, when additional modulated DFB lasers are 

15 optically connected to the combiner 210 and operable 
to provide modulated radiation thereto, the CCU 50 is 
also controlled to block raylets of radiation propagating 
therethrough whose wavelength is coincident with radi- 
ation output from said additional modulated DFB lasers. 

20 Such blocking is necessary in order to circumvent com- 
bining radiation of substantially identical wavelengths at 
the second coupler 60 which would result in associated 
communication traffic corruption. 
[0040] As an option, control signals from the control 

25 module 130 can also be connected to radiation ampli- 
tude control inputs of the DFB laser 250, and any addi- 
tional DFB lasers outputting radiation to the second cou- 
pler 60. Such connection also enables the control mod- 
ule 130 to perform leveling on radiation added at the 

30 add/drop multiplexer 1 0. 

[0041] It is to be borne in mind that structures similar 
to the CCU 50, for example as disclosed in the patent 
US 5 414 540, are designed to function as radiation 
switching components. The inventors of the present in- 

35 vention have appreciated: 

(a) that the CCU 50 can be operated to provide con- 
tinuously-variable attenuation of specific raylets of 
radiatbn; and 

40 (b) that such a CCU 50 capable of providing variable 
attenuation is suitable for inclusion in add/drop mul- 
tiplexers for performing channel leveling therein. 

[0042] If the CCU 50 were implemented using alter- 
45 native technology to liquid crystal technology, for exam- 
ple using an array of Mach-Zehnder interferometers 
configured as variable attenuators, it would not be prac- 
tically feasible to obtain a radiation blocking perform- 
ance in the order of 46 dB and yet provide an affordable 
50 commercial product. 

[0043] Unlike prior art communication systems, the 
present invention enables power equalization, also re- 
ferred to as power leveling, to be achieved locally at add/ 
drop multiplexers distributed within communication sys- 
55 terns, thereby addressing leveling problems experi- 
enced in the prior art where leveling at intennediate lo- 
cations is not provided and where energy differentials 
between radiation components corresponding to com- 
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munication channels can arise. 

[0044] It will be appreciated that nnodifications can be 
made to the add/drop murtiplexer 10 without departing 
from the scope of the invention. For example, the CCU 
50 can be configured to include more cells and the de- 
multiplexer 300 can be conrespondingly designed to split 
input radiation received at the CCU 50 into more raylets; 
up to 1 28 cells is potentially possible for example. More- 
over, the splitter 150 can, if required, be connected to 
more than twelve units similar to the receiver unit 1 80; 
likewise, the combiner 210 can be connected to more 
than twelve units similar to the transmitter unit 240. 
[0045] If necessary, the PIN diode detector an^ay 1 20 
can be replaced with a tunable filter coupled to a single 
PIN diode detector, the tunable filter operable to se- 
quentially tune through radiation components conre- 
sponding to communication channels present in the ra- 
diation output from the transmitter EDFA 70; in such a 
modified version of the add/drop multiplexer 10, se- 
quential tuning is practicable because radiation energy 
present in the channels changes relatively gradually 
with time, ignoring communication traffic modulation 
and intentional switching of channels, for example due 
to component ageing. 



Claims 

1. A radiation power equalizer for an optical commu- 
nication system, the equalizer characterized in 
that it includes: 



2. An equalizer according to Claim 1 wherein the con- 
trolling means (130) is operable to mutually match 
the power of the one or more radiation components 
present in the combined radiation to within an error 

5 margin of 1 0 dB or less. 

3. An equalizer according to Claim 1 or 2 wherein the 
controlling means (130) is operable to mutually 
match the magnitudes of the one or more radiation 

10 components present in the combined radiation to 
within an error margin of 1 dB or less. 

4. An equalizer according to Claim 1 , 2 or 3 wherein 
the filtering means (300) is operable to partition the 

t5 radiation receivedatthe equalizer into spatially sep- 
arated raylets, and the attenuating means (310) in- 
cludes an array of liquid crystal cells (31 0), each cell 
(310) corresponding to an associated raylet and op- 
erable to provide selective attenuation or transmis- 

20 sion of the raylet. 

5. An equalizer according to any preceding claim in- 
cluding dropping means (40, 150, 180) for selec- 
tively diverting at least part of the one or more radi- 
os ation components present in the radiation received 

by the filtering means (310). the part for output.f rom 
the equalizer. 



6. 



30 



(a) filtering means (300) for partitioning infor- 
mation-bearing radiation received at the equal- 
izer into one or more radiation components cor- 35 
responding to wavelength division multiplexed 7. 
communication channels of the system; 

(b) liquid crystal attenuating means (310) for 
selectively transmitting or attenuating said one 
or more radiation components; 

(c) combining means (330) for combining one 
or more of the radiation components transmit- 
ted or attenuated through the attenuating 8. 
means (310) to provide combined radiation; 

(d) monitoring means (1 20) for measuring pow- 45 
er present in said one or more of the radiation 
components included in the combined radiation 
and generating one or more corresponding ra- 
diation component power indicative signals; 
and 

(e) controlling means (130) for receiving said 
one or more power indicative signals from the 
monitoring means and controlling attenuation 
provided by the attenuating means so that the 
radiation components included in the combined 55 
radiation are substantially of mutually similar 9 
power. 



An equalizer according to any preceding claim in- 
cluding adding means (60, 210. 240) for adding ad- 
ditional radiation components to the combined ra- 
diation output from the combining means, the addi- 
tional components and the combined radiation for 
output from the equalizer into the system. 

An equalizer according to Claim 6 wherein the con- 
trolling means (130) is operable to control the add- 
ing means so that the additional radiation compo- 
nents and the one or more radiation components 
included in the combined radiation are mutually 
power matched to within an error margin of 10 dB. 

An equalizer according to any preceding claim 
wherein the monitoring means (120) includes opti- 
cal filtering means for partitioning radiation received 
thereat from at least one of the combining means 
and the adding means into radiation components, 
and an array of photodetectors (1 20) for measuring 
radiation power present in each of the components 
and generating one or more corresponding output 
signals indicative of the radiation power present in 
the radiation components, the one or more output 
signals for use by the controlling means for control- 
ling the attenuating means. 

An equalizer according to any one of Claims 1 to 7 
wherein the monitoring means (120) includes tuna- 
ble optical filtering means for serially selecting radi- 
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ation components present in radiation received 
thereat from at least one of the connbining means 
(330) and the adding means (60, 210. 240), and a 
photodetector for measuring radiation power 
present in the selected series of radiation compo- 5 
nents and generating one or more corresponding 
output signals indicative of the radiation power 
present in the selected series, the one or more out- 
put signals for use by the controlling means for con- 
trolling the attenuating means. io 

10. An equalizer according to Claim 6 or 7 wherein the 
attenuating means (310) is operable to block radi- 
ation components propagating therethrough whose 
wavelengths are coincident with those of radiation ^5 
components added to the combined radiation by the 
adding means (60, 210, 240). 

1 1 . An equalizer according to Claim 6 wherein the add- 
ing means (60, 21 0, 240) incorporates one or more 20 
modulated distributed feedback lasers (250) for 
generating the one or more radiation components 

for adding to the combined radiation. 
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ted or attenuated through the attenuating 
means to provide combined radiation; 

(e) measuring the combined radiation using 
monitoring means to determine radiation power 
present in the one or more radiation compo- 
nents included in the combined radiation and 
generating one or more corresponding compo- 
nent radiation power indicative signals; and 

(f) controlling attenuation provided by the atten- 
uating means in response to the one or more 
power indicative signals so that radiation com- 
ponents present in the combined radiation are 
substantially of similar mutual power. 

18. A method according to Claim 1 7 wherein, in step (f), 
the one or more radiation components present in 
the combined radiation are mutually power matched 
to within an error margin of 10 dB. 



12. An equalizer according to any preceding claim 25 
wherein the filtering means (300) incorporates a 
Bragg grating filter. 

1 3. An equalizer according to Claim 5 operable to divert 

in a range of 5 to 95% of radiation received thereat 30 
to the dropping means. 

14. An equalizer according to Claim 6 Including cou- 
pling means (60) for coupling in a range of 5% to 
95% of the combined radiation and in a range of 5% 35 
to 95% of the additional radiation into radiation for 
output from the equalizer to the system. 



15. An add/drop multiplexer (10) for an optical commu- 
nication system including a radiation power equah 40 
izer according to any preceding claim. 



16. A communication system including an add/drop 
multiplexer according to Claim 15. 

17. A method of equalizing radiation power in a radia- 
tion power equalizer, the method characterized in 
that it includes the steps of: 



(a) receiving information-bearing optical radia- so 
tion at the equalizer; 

(b) partittoning the radiation into radiation com- 
ponents corresponding to communication 
channels; 

(c) selectively attenuating one or more of the 55 
radiation components in liquid crystal attenuat- 
ing means; 

(d) combining radiation components transmit- 
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(54) Radiation power equalizer 



(57) The invention provides a radiation power equal- 
izer for an optical communication system, the equalizer 
characterized in that it includes: (a) an optical demulti- 
plexer (300) for partitioning information-bearing radia- 
tion received at the equalizer into one or more radiation 
components corresponding to wavelength division mul- 
tiplexed communication channels of the system; (b) a 
liquid crystal cell array (31 0) for sefectively transmitting 
or attenuating said one or more radiation components; 
(c) an optical multiplexer (330) for combining one or 
more of the radiation components transmitted or atten- 
uated through the cell array (310) to provide combined 
radiation; (d) a transmitter erbium-doped fibre amplifier 
(70) coupled to a PIN diode detector array (120) for 



measuring radiation power present in said one or more 
of the radiation components included in the combined 
radiation and generating one or more corresponding 
component radiation power indicative signals; and (e) a 
control module (130) for receiving said one or more pow- 
er indicative signals from the array (1 20) and controlling 
attenuation provided by the cell array (310) so that the 
radiation components included in the combined radia- 
tion are substantially of mutually similar radiation power. 

Action of the cell array (310) ensures that radiation 
components present in the combined radiation are mu- 
tually power matched, thereby assisting to alleviate 
power hogging by radiation components having relative- 
ly greater radiation power in devices such as erbium- 
doped fibre amplifiers (EDFAs). 
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